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" STAT

RIVER-BED_~

‘HTREA] PROCESSES AND THE CONTEMPORARY VERTICAL MOVEMENTS OF THE

EARTH'S CRUST

De A+ Kozlovekiy

A1l the conclusions of modern hydrology on the dynamics of
riverbeds are founded on the hypothesis that 'ohe geologleal situ- \
ation in the c—zyzoéh through which we are living may be considered ‘
unchanging. In other words, the view has been adopted that the
earth's crust, in out ‘bimes, is no longer undergoing any substantial
reorganizetion, and that the contemporary rivers are merely smooth-

ing out the tectonic disturbances of epochs long past.

Not so very long ago the view that the quarterary period has

veen one of tectonic quiet was prevalent among geologists.

During the past two decades idess have changed radically, E
and nowadays there are already proponents of the view that not
only individual mountain structures or other parts of the terre~-
strial globe are of recent origin, but that this is also true of
the relief of the present epoch as a whole (Lichkov, 1941; Obruchev, !
19485 and others).

B. L. Lichkov (1941) has demonstrsted in one of his papers
that the present epoch, being the immediate continuation of the |
glacial epoch, is characterized by active relief formation, which
has determined the present heights of the mountains and depths of

the ocean bottoms. f

As. V. A. Obruchev (1948) puts it, "neotectonles completely

explains all the peculiariﬁies of the contemporary land relief

Declassified in Part - Sanitized Copy Approved for Release 2012/05/15 : CIA-RDP82-00039R000200020011-6



| 1
Approved for Release 2012/05/15 : CIA-RDP82-00039R000200

Declassified in Part - Sanitized Cop 020011-6

throughout the whole world." §
i

It must, however, be noted that down to the present moment
we 8till have no ent:@rely convineing method that would allow us
to estimate the movements of the earth's crust that are proceeding

during the contemporary epoch.

Thus, S.0. Cetuyev (1947) says that "owing to the insigni-
ficant scale on which such phenomena (contem orary movements = D.K.)
take place during & short segment of time, they cannot be estab=- 7
1ished by simple observation; and it is possible to note small sec-
ular movements leading to a change in the elevation of one point
with respect to a neighboring point only hwere there is a standard,

permanent hypsometric point or plane of reference (sea level == DJK.)."

Therefore, when they speak of neotectonics, geologists
usually have in mind a fairly prolonged segment of the second half

of the Quartenary period.

For instance, N.I. Kikolayev (L947), in characterizing the
latest movements, jlaces them in the Holocene, i.e., in Postglacial

tive or the epoch of Weolithic man..

L. A. Vardanyants (19.8), while recognizing that the Quarte-
nay period does not yield precedence to the more ancinet epochs t
in the scale on which geological processes have unfolded, and con-
sidering that "the phases of intensive manifestation of orogenesis,
vuleanien, erosion, et. are located in the perspective of time
very close to that of the present day," maintains nevertheless that
we are living now "in a condition of relatively marked eyuilibrium,

in which erosion comnected with relative elevatlons of lts base,

f

Bive
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appears much more weakly (in the Caucasus == D.K.)."

The latter conclusion of L; As Vardanyants does not agree
with the results of analysis of the hydrologic data, which compels

us on the contrary, to hold that the post=Khvalinsk orogenesis in
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the Caucasug is not only not dying out, but is sti_ll continuing
at the present time, possibly even with undiminished intenslty.
This is confirrﬁed by the storm& erosion activity of rivers and
gullles, by earthquakes, landslides, etc. (Gushevaya, 1948,
Lamakin, 19483 Shlepnev, 19L7.).

No one disputes the influence of tectonies, in the geological
apect, on the formation of L\t.;;zwbedb and valleys. On the contrary,
the rivers reflect the tectonics. The antecedent valleys, sea and
river terraces, raplds, e1‘;c. =~ all these factors had their effect

on the indices of vertical movement of the 1ithosphere.

Before taking up the estimation of the vertical movements of
the earth's crust by the hydrologic method, and before pointing
Tiver-

out their influence on siregbed processes, we mist first dwell upan

the theoretical postulates of this method.

It is generally known that every river, 1n constructing its
channel, has a tendency to develop a smoothed longitudinal profile

in the form of a smooth curve without sharp breaks.

In disturbing the longitudiml profile, the vertical move-
ments couteract the work of the river and force it continually te
realign and adjust its bed. Change in the position of grade and

basé level occurs durihg these displacements of the earth's crust,
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and in consaquence the river is compelled to carve out the breaks
or to f1l1l in by aggradation, the bulges in 118 longltudinal pro=-
file,

What effect has this on the streambed processes of changing

the erosion level? Let us talke wup specific instsmés.

We find very clear examples of a negative movement in the
erosion level, and its action on the formation of a river profile
taking place before our very eyes in the basin of the Caspian Sea,
the level of which was sharply lowered during the period from 1929

to 1945,

The lowering of the erosion level here is manifested above
all in the deepening of the estuary sections of the rivers flowing
into the Caspiam. This is, in particular, most graphically shown
on the lower reaches of the Kura river, where it proved negessary
to construct levees to protect the adjoining lands on the edge of
the Kura-Araks lowlands only as far as Sal'yan (85 kilometers from
the mouth). Downstream of this pointy the river has cut so deeply
into its deposits that even in catastrophic floods the water does
not overflow ite banks, and therefore there is no need of levee wark

on this section.

With the passage of time, the cutiing of a river chanrel
may continue along a longitudinal profile which wae adapted to a
different location of the erosion level. When we compare the
longitudinal profiles constructed according to the mean monthly
Low-water marks of December 1932 and October 1945 (i.e., during

periods respectively corresponding to the commencement of the in-
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tenaive lowering of the level of the Casplan, and to ite lowest
position), we must establish  the fact that 1t was precisely this | .
drop in the level of the sea, which amounted to 1.79 meters over §
the 13 years, that produced the reduction of the 1 ow-water mark ‘
l in the river. The progressive erosion of the river chanrel that
accompanies this fall in :Levél gradually becomes weaker with in~
creasing distance upsiream, and finally tapers off a short dise
tance above Mgllakend, 305 kilometsrs from the mouth. Upstream of

this point erosion already gives way to aggradation (Figure 1).
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Figure 1. Kure River. Change in Longitudinal Profile from 1932 to |
19k5. i

Legend: 1: January 1932. 2: October 1945. 3: Hormal profile cor-

responding to upstream portion. L: Normal profile corresponding to

o i downstream portion.
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Thus as the gi'sdo 18 lowered the corrosion of the channel
gradually moves upstream, at the same tlme diminishing in in-
tensity.

The deep erosion can be followed even better by plotting
discharge curves for a number of years on the same charts in this
case usch curves will lie parallel to each other and beneath each
other (Polyakov, 19L6). As a vesult of the lowering of the grade,
the erosion of the Kura chaniel can be very distinetly followed
from the discharge curves at Sal'yany and Sabirabad, that is, at
a distance of 240 kilometers from the mouth (Figure 2)., No stream

gaging was done at other points along the erosion sector.

The deep deformation of the channel may also be followed by
the annual low-water marks at the gaging statlons. It must be
taken into account that a systematic recession of the low-water
marks points to the erosion of the channel at the poiht in
question, and, on the other hand, the regular rise in such merks
points to the raising of the river bottom as a result of the ac-
cumulation of alluvial deposits at that point. It is true that »
this method is less accurate than the preceding one, since the
annual low-water marks vary to some extent with the discharge, but
it still allows the deformation of the channel to be followed at

polnts where no hydromstric work is being done.

TveY
When the corrosion of the stv@qbﬂd on the lower reaches of

the Kura is estimated by this method, the f;onclusiox; can be drawn
that at Sal'yeny (Figure 3) a steady lowering of the chamnel has

been proceeding for a long time, and was particularly in@ﬁﬁae in

1930.,
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The opposite pr&ceaa, i.68., the elevation of a river bottom
and the coxisequent uﬁward displacenment of the diécharge curves or
elevation of the low-water maxks must obviously await a relative
elevation in ﬁhe grade of the river, w‘hivcl"n may result either from
elevation of the sea or subsidence(of the dry land.

H iw £

r - R

Discharge

a » per = cond
Figure 2. Kura River. Dovrward tﬁsplacem‘&nftof the discharge curves

in conse uence of the corrasien of the channel brought about by low-

§on  oring of the grade. a: ab Sebirabefs Di ab Salyny
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Figure 3. Kure River at Sal'yany. per second

Recession of the annual lowewater Tigure L. Kuban' River at K rasnodar.
marks during the period 1900-19L5,  Upward ‘displacengiitof discharge curves
" pesulting from channel erosion due resulting from accunlation of elluvium due

‘to lowering of the grade. Dotted to relative elevation of the grade
line shows actual position of '
stream 7
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Such & relative elevation of the grade at the present time i
is going on, for instance, on the Black Sea coast of the Caucasus i
and the Taman' peninsula, a8 may e judged from numeruus signs [
noted in the literature (Nikolayev, 1949). The results of ve=
peated precision levelling, indicating subsildence of the shore in i
the Poti region at the rate of 1 centimeter a year (Shlepnev, 1947)3
the flooded river mouths (Arkhangel'skiy and Strakhov, 19383 .
Nikolayev, 1949); the destruction of beaches and buildings located ‘:
thereon (Adler, Sochi, etee)} intensifled development of earthe
creeps and landsiides, and the subsidence below sea level of the
lower.strate of the ancient city of Fanagoriya on the Taman'
peninsula (Blavatskiy, 194G)s the widespread distribution of
pozzuoli (Herts, 1870), ete. -~ all these are signs that leave

no doubt of the continued subsidence of the foot~hill zone.

A relative elevation of the river grade results from the
subsidence of the coastal belt. The rivers that flow into the
sea here react to this by intensive accumulation of alluvium in their

lower reaches.

The lower Kuban! is also ve?:;y distinctly aggrading its bed
and striving to occupy the &ondmnt position on the surrounding
plain. In view of this it became necessary to carry out embank=
ment works on the channel of the Kuban' and to lncrease the
height of the levees gradually, from year to year (Shchukin, ope.

cibes 1933, Pe 115).

Tne relative elevation of the grade of the Kuban! River is

e
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parked b the accumulation of alluvium as fer as Krasnedar, at

which point the discharge curve tends to rise (Figure L).

It seems to us that these reasons furnish sufficlent basis
for considering that a change in the grade of a river brings about
& realignment of the longltudinal profile, and as a sign of this,
a displacement of the discharge~curves or lo*w-watér marks in the
corresponding direction. We have been brought to this conclusion
by consideration of the estuanry sectors of rivers, in which grade
erosion level and sea level are identical. The relative change in
its position is obvious, both from the hydrometric observations that
determine its position (Caspian) or from the entirely conviﬁcing

signs of subsidence of the dry lands (coast of the Black Sea, Taman').

If there is no doubt as to this thesis, then it mmst alsc be
agreed that the converse law is similarly valid. In other words,
it must be recognized that every more or less persistent shift in
the discharge curves, in elther direction, or other hydrological
indications of readjustment in the depth of a river channel should

serve as an index of change in the erosion level.

This deduction se:ves as the basis for the further conclus~
ion ag to the change not only in the final erosion level, buit also
in the lecal upstream erosion levels, located far inland. The
displacement of the latter, in the overwhelming majority of cases,
should be attributed to vertical movements of the earth's crust and
much more rarely to other reasons (activity of men, corrosion of

banks, ete.)

Numerous exsmples of persistent erosion and accurulative

- 10 -
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sotivity,: in depth, by rivers, may be found in the Caucasus, where
vertical movements of the earth's crust are taking place during the

contemporary epoch.

Most riversaof the Caucasus flow in ‘chmr upper reaches through
longitudinal 'va'lleya along the Main Range. ‘rhey‘ then change di-
rection sharply, and in their subse‘quent course carye deep transe
verse valleys thvough the side chains, which may gerve as evidence
of the more recent origin of these chains. In their lower reaches
the rivers .emouch upon plains built up of elluvial deposits, and
some of them flow into the sea, forming alluvial fans which are

inundated by the waters of the Black Sea.
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Figure 5. Mzymta River in the AkheTsu [Ak-su] Gorge. Downward

displacement in the discharge curves a and the low-water mark b,
The river Mzymta, which flows into the Black Sea at Agjler B
is typical in this respect.. In.its upper reaches it has a longl=

tudinal valley running between the Main Range and the parallel Achi-

shko~-Aibeg range. Ab the village of Krasnaya Polyana the river

- 11 -
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turns abruptly [towards the southwesty its valley cutting successi=
vely through three folds running pgrallel to the Main Range, takes

a transverse (antecedent) direction,

These side chains at the present time are rapidly being
carved through by the rivew, which is obviously &n indication

that the development of the river still continues.

Obgervetions in the Akh-Tsu gorge chow that the range is
now being carved away at an average speed of 5.5 centimeters per
year (Figux;e 5). Unfortunately there have been no parallel obser-
vations on the adjacent ‘secwrs, go that the rate of alluvial ac=
cumlation, which would have allowed estimation of the totel rate
of elévation of the range, camnot be estimated. It is posaible,
nevertheless, to consider that this rate is probably not less than
5.5 cgntimeters per year, since the rate of erosion of the channel

is the lower limit of the rate of elevation of the range.

The observations in the Akh-Tsu gorge are also interesting
because they permit estimation of the rate of erosion of the rock
being carved away. In this case we have to do with dense silic@syons
1imestones which, according to M. M. Protod'yakonov (of. Savarenskiy,
ope Citey 1939, Pe 26), can be classed among rocks of Category IIT,

with a coefficient of strength of 10.

We find no less interesting a case of realignment of the long-
jtudinal profile of a river in connection with vertical movements:
the Kura River, which at Minchegaur viilage cuts through the Boz=
Dag range, composed of a base of Apsheronic rocks, covered by de-

posits of Bakinsk age (Vardanyants, 1948).
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v Here the river continues in its constricted valley with

s'w"ep banksj the cham‘ei of the river is made up of rather friable
gandstones, to which thin in'berc_aloations of limestone lend a

certain firmness .

The Kura debouches from the porge onto the ﬁura-Amks Low=
1ands. The latter is an extensive 1owland area between the B 2sh of
and M.:b)lyy"%a;mka@ and its subsidence continues down to the
present day . (Shlepnev, 1947). At the seme time, apparently, the
Boz~-Dag range, which originated at the close of the Bakinsk stage,

continues to rise (Vardanyants, 19L8;
ey M

Moo @I

Orossgeyms 1948).
1Y .

|

G- Thigp\av agt, Mj_Qw M

L
o

Figure 6. Kura River chegaur. Upward displacement of disch=
arge curves in a and low-water marks in v resulting from accum=
ulation of alluvium caused by the mutusl relative displacement of

the Boz-Dag range and the Kura-praks lowlands.

The elevation of the Bczfﬁag range relative to the Kura=
Araks lowlands is fixed by the Tiver, which energetically deposits
alluvium at its exit from the gorges thus restoring its profile,
continually vdi.sturbed by vertical movements. The rise in the
channel bottom at Minchegaur, noted when the observations ’ﬁrst
started in 1912, continues at a mean annual rate .of 643 centimeters

(Figure 6), and consequently, the simultaneous uplift of the range
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relative to the subaiding plain may be estimawd st this flgure
(a8 a minim\'un) , neglecting for the purpose of this calculation the
rate at which the rising range is being carved through, which rate
may possibly be no less than this, but et any rate is still un=
known to uss Downstream, the rate of alluvial deposition slackens..
Thus, it amounts ab Yeviakh to L.L centimeters a year, at Zardob
to 2.9 centimeters, and finally, a short distance upstream {row
Mollakend, as we have already observed, aggradation of the bed
pives way to degradation. 'me reduction in the rate of alluvial
deposit, as well as the replacement of accumlabion by erosion,
should doubtless be attributed to the recession in the erosion

level, i.¢., the level of the Caspian Sea.

To illustrate how a river behaves when a certain sector of
its valley subsides, we shall now take up the formation of the bed

of the Kuban' River.

In its middle and lower reaches, the present Kuban' River
continues to flow in the channel along the synclinal fold which,
according to Vardanyants (1948) , originated in the Khvalinsk stage,

and has continued its subgldence down to wodern times.

The subsidence of the valley is responsible for the relative
uplift of the erosion level, in consequence of which, as has been

indicated above, alluvial accurulation occurs in this sector.

The leftebank tributaries, like the upper byban', on the
other hand, which are subject to the influence of a subsiding

erosion level, (which the middle Kuban! itself favors), erode their

Declassified in Part - Sanitized Copy Approved for Release 2012/05/15 : CIA-RDP82-00039R00020062001 1-6
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beds in 'ohe satuary’ segtors. Lhe effect of the’ erési,ve end ac?- ‘
cumulative work of the z-ivera :Ls bere apparently %o sntensify the
uplift of the Central Caucasud. The erosion of the stream ‘beds re~ -
sulting from the sifoaidence of the Kuban' syneline is particul-;

arly intense snd systematlc on the rivers v, Khabl', and othera.v'
Tn the I1%, & d:l.splacemnt of the dlscharge curves a."t. the averags
rate of 10 centimeters a year nas been noted since hydrome trie S

work on this river first started in 192k - (Polyakovs 19L6) s

I'o must be borne in mind th‘xt when ‘the wrtical movemen'oa |

re being estimated vy ‘c.he hydrological me'c.hod, the direc'oien of
i‘crxmtion of ‘ohe longitudinal river profile must be followed all
the way down to the lower erosion jevel. Only on this condition
can a conclusion be fornmla"oed as to the general direction of
these movemenbss - Upgervations at separated po;nts glve the
direction of ‘shift relative to the adjoining sectors, while the
general motion of tm mrrit.ory as & whole may be at & different m e
and even be in opposed sensee On the ‘5&815 of what has been here
set forth, we are 4n a position to speak of the general (or .'ti‘eﬂli\l'lm_‘
tant) direction of motion, gince tha longitudinal profiles of the

pivers we have studied have been followed through from the sector

c:hara}j uax'iam.i dozm to the mov%h.
, o I—

watey herel

Figure T» Il' - ll'skaya Rﬂ.vesr, Dowmward dﬁsplacamenttof' the dise

charge curvea a and the mean monthly marks b in conseguence of
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erosion resuliing from reeession of the local eroslon level (Kuban!
| ‘

N Depression).

The 1iterature Bdn‘fain's‘nwnerous indicétioﬁs of'maant move;

| ments of the earth's crust, whlch are fixed by the rivers, and only
the lack of hvdrometric d.ata prevented confirmation, in these cases,
of the mceezaity for. terming the:ae movemants literally cont.amporary,
Thus, S. A. Gatuyev (19L7) gives a description of the contemporary
movenents noted at the two opposite ends (western and eastern) of

F.he Terek range.

In the former case the Terek range is enveloped by the Terek |

River, which carving through the .plifting ridge, uncovers vol- \
canic tuff in its bed. Upstream and downstream from this point,

gravel and sands are deposited along its course. The thickness
“of these deposi;hs has been shown by a boring to be over 70 meters

(the bore-hole did not resch the bottom of the gravel layer).

AL the eastern end of the Terek range, it is pierced by the Sunzha

River, which uncovers -..:c'matian clays as it cuts through the range.

These clays are not coversd by alluvium, but upstream and dowm=~

stream from this point the river bed is filled with pebbles. |

Vie .find a desci'iption of the whols system of yomg ante-
cedent valleys on the south slépa of the ‘.B';ab’aho.\'[.;wls(nvkmz ahd the
fiorth slope of the Ma f\[.?u Kwﬁwm in the paper of V. A. Grossgeym
(19L8). What are termed ‘t.he "padarsk window" are distinguished among
thenm by their effacts. They are i‘omd by ‘the Gerdyman-Chay Riyver

carving through the uprising adzhinoursk highlands.

- 16 -
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Figure 8. Gercmn-(}hay River carving ‘through the rising ridge (Pad- ,

arsk windows). (After V. . Grosageym).

A.cc’qrding' to the unanimous opinion among geologists, the
:ormatio_n oi‘ the Caucasus is continuing todaye. L. Ae Vardanyants
(1948) considers that "at the end of the Pliocene, .the‘caﬁeasus
was a levelled, weakly dissedted land... at the edges of which the
highest portions hardly rose 1.5 kilometers above the 1evel of the
ancient Casplan.® (opecite, p.31). Thus, during the Quaternary i
period, i.e:, during the space of 500,000 t6 700,000 years, the |
Caucasus was uplifted ‘along its axial 1ine by not lessthah 2.5 =
3.0 lc:.lome”wrs. Taking due account oi‘ the fact that throughout
the Qua‘oenmry period the orogenic phases alternated with phases
of relative quiet, L. A. Vardanyants (op.cit.‘) considera that the : :
uplift of the Cen‘c;ral Caucasus may have attained an annual rate me- ‘(
asured in tens of centimeters at certain moments of greater stress,
while mean annual rates of formation during the orogenic phases

were around 2.5 = 5 centimeters.

‘In the light of these 'asssartions,‘ the values obtained by us,
using hydroretric data, for the velocities of contemporary vertical
movements, reaching 5 - 10 centlmaters a year, cannot be considered
unreasonable. On the contrary, they confirm that the Caucasus, i
even today, stj.ll cantinua_s 40 live through an orogenic phase no
less i'ntansey than in the preceding’ epoch, and vs,;gy‘ possibly, con=

stituting its continuation.

‘0" 17 -
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Incipient tectonie mve'm('ants, which are reflected in the
eroslve and accumilative work of the rivers, are noted in other
mountainous regions as well. B. V. Polyakov (l?hé) points out
that in the Carpathian mountaihs, at Byala~Vunechek, a recession
of the river bed.of over 2 weters has E:ccurréd during 20 years,

glving a mean rate of 10 centimeters a years

\

Baged on lis own observ;xtions and those of other inves-
tigations (ef. Lichkov, 1941), P. S. Hakeyev reaches the con-
clusioﬁ that an energetic proeess of deepening of the river chammels
is px‘oceedihg in Central Asie at the present time s in consequence
of which the flood plains, still formed in historic times, are grade-

ually being tnansformed into second terrsces.

The very recent and literally contemporary vc-:ﬂical moves
ments are not confined to the reglons of recently i'ormed mountains,
but are noted as well on the platforms, concerning the pre:zent
movements of which no entirely definitve statements can yet be

made .

Go V. Ubediyentova has eséablished, by ber geomorphological
study of South Meshchera, that in the valley of the Oka "the 'contem-
porary river ailw:inm i8 gradually éxtending the area of its dis-
tribution. This is taking place &.;é a result of the rise in the le-
© vel of the rivers and the overflowing of their banks, and is ac-
companied by an increase in the avea of swamps" (1948, opa.cit.,

Ipe 188).

In drawing her conclusions, she poses the question: "How

are we to explain this rise in the river level and this intensifice

- 18 =
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ation in alluvial accumulation on ite flood plain in this region?.
It is rather difficult to answer this question defix:itély enbﬁgh;
but whit is most probable is that the intensification of alluvial
accumulation is teking place in consequence of a-slow epeirogenic

subsj.daﬁce of the region® (opecite, ppe. 186-189),

Ve Vo Lamakin (19L8) in proving the existence of recent
movements i;n the valley of ‘the nlddle Pechora, starts out from
geomorphological observations. lig bases his conclusion on the def-
ormation.of terraces, on the changes in the hydrographic system
since the time of maximum glaciation, and finally, on the dyhamic

peculiarities of the contemporary valley.

In investigating the erosive and‘accwnulat.ive work of the :
river along its valley, he notes the sectors that are undergoing up-
1ift or subsidence, and in the intervals separating such sectors,
those sectors of the valley where the streanbed is in a condition
of dynamic equilibriurﬁ. This latter method used by Lemakin for his
demonstration, is substantislly identical with our own, with only
the difference that he gives a qualitative appralsal ofv the
phenomenon, while we, on the bssgis of hydromterie data, establish

the quantitative slde of the process.

hesides completely confirxm;ng' our own deductions, Lamakin's
investigations are also interesting becausé they esiablish the en-
tirvely palpable’ movementé that are mkir;gj place at present on the
northestern‘edge of the Russian platform; about the mobility of

which opinions differ.

There is, however, one group of sclentists who express theme

- 19 -
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- gelves on this sub.jeet with a c¢onsiderable degree of definiteness.

‘hus Ne T. ‘Nikolayev (1947) says that "ext.rerrsly recant oscillating

moverents are everywherv observed over the entire territory of the ;‘

Russlan platform, and in the adjoining regions of other structural

elements of the earth's crusto And tham are no placea where such

movements do not exisat."

411 the examples we have presented show how sensitively the

rivers react to tectonic disturbancess
By virtue of the mobility of its stream of water, every

river wust be considerecd as a single system, the separate sece

tors of which depend on the condition of the river as a whole, and

converselys every change 1n its separate sectors produces a re-

adjustment in the chaxﬁxel at least in the neighboring sectorsy if

On the other hand, river systems of great

not in the whole river.

length traverse various geomorphological zones in their courses; -

these gones differ in direction and ine

and the wvertical motiohs in

tensity. We should therefore expe'ct the longitudinal profile of a ,

river to be a good indicator of contemporary ofogenic and speiro=-

genic processes.

A study of the character of the longitudinal profiles of

rivers fully confirms this expectation. o
The work of 8. V. Grigortyev (1946) is wery valuable in this

connection. In estimating the energy resources of small i-iver&, : j

1ed about 800 rivers of the European and

‘this author has classif
" psistic parts of the UsER.

' In spite of all the variation in the character of the curves, :

: Declassified in Part - Sanitized Copy Approved for Release 2012/05/15 : CIA-RDP82-00039R00020002001 1-6
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he reaches thd conolusion that all of them may be classified into

i
{
i
i
R
{
i1

. i three bagic types, of which 'uhef fi.r‘st has a curved longitudinal
profile bulging dpwnuards, the second has a lineé.x' profile, and '

the »thirdhpﬁuwad profile bulging upwards (Figure 9).
/00 X . .

i
i
3

fall of i-iver
5 5 T

pEY
)

/000 $0 5 ] 20 K /v/é : ]
Length in percent of total length of niver
Figure 9, TIypical curves of longitudinal river profiles.

Fall in perceni of total

st type: concave (Is Rionij II: Sochinka); ;
2nd type: linear (IITI+ Kamay IV: Tal'ka == Dnepr Basin);
3rd type: convex (V: Taparovan - Iranscaucasiaj VI: Lososin=-

ka - Lake Onega basin).

It must be recognized that the ides of classifying river
profiles by types in iteself is of great interest, and in conjunc- |
tion with the reglenal classification. of rivers by their longl-
tudinal profiles, furnishes rich material for the evaluation of the
disturbaﬁces that oecur during vertical movements of the 1itho-
sphere. 4t the same time the reservation must be made that the di-

stribution of river profiles by types can be made onlfy coﬁventionally, 1

singe 1t would be va; r hard to find examples of these types in their
pure staﬁe; Longi tudinal ‘profile:é, as a rule, have a stepped shape
and are often combinations of different types (for instance, the ‘

Inepr, ‘Figum:lﬁ) ‘

-2l -
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If aceount is taken of the actusl rate at which a river

excavates its channel, the extraordinary variety in the character

of the longitudinal river profiles may be 'expla’ined by the vertical

movements taking place in our own times. It is, of course, impossi-

ble to believe that, in the absence of such movements, the rivers

would not have developed smooth, even profiles during the course of

- tens and hundreds of thousands of years.

As we have already remarked, the rate at which even solid rock

is earved through may reach a few centineters a year. And even if

the rate of rock excavation is lower than this for the progress of

rivers in the plains, we must still agree that the overfalls are -

8tdll belng carved out, even here. These overfalls could not last

for centuries if they were not reinforced by contemporary vertical

types is wvery significant.

HE 100 S ‘

A R |
FEE A PR g5 | |
-8 -g B &~ m _ BE R

Slel BEARI s E5E

e B ga £ 2 N\-‘Q g R x

g o ko ™% & 5

g 3 m i
4] -~ i
2 20 E
§ 50 B |
- 100 80 60 Lo 20 0 L% '
E Length in percent of total length of river.

Figure 10. The Mongitudinal profile of the Dnepr.

The concave type of 1ongd.tudiml profile curve proves o be

characteristic for the Caucasus ~- a young mountain system, the

formation of which is still continuing at the present time, There

is 1o doubt: whatever that theré can be no profile of equilibi'ium

while the relief is’»a’(‘;illbeing formed.. And ivhaf. was erroneously

-22 - i
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taken by Se Vo arigortyev (1916) for &’ straightened profile is in

reality only an apparent or “quasinormal profile.

rost rivers in the Caucasus clearly display a "qua.ainorma "
profile, espucially the largest rivers: .the Kura, Ricn, Tersk, Malka,
Sunzha, Kuma, etc. On the Black Sea ccas'c;, the Maynta, Shakhe,
Sochinka and many others have this type of profile (Figure 11). |
In this list wa engounter just those rivers that were used as
examples 1o demonstrate the influence of endogenous forces on profile

forma t.one

"As the first (conoan type of profile is wost charactsr-
istic for the Caucasgus, 8O concludes S. V. Grigor'yev (29L6), s~ .
the third (convex) type characteristic for the Kola Peninsule and
Karelia, where uplift is: procecdlng in the con’wmporary period.
The rivers heve are short. and rlow into the seas and lakes. As
the region undergoes general uplift, the rivers erode their tidel
sectors most intensely of all, and develop a convex profile, with
maximm slope in the lower cCOurse (Figure 12). The stepped forma-
tion (existence of many rapids) is characteristic of this type of
profile, and should doubtless Le attributed to the uneven Upe
1ift of thé various parts of itha region, and to the disjunciive
. dislocations connected with 1t The large number of lakes that
is so ahlracwristie of the Kpla Penimula and %arelia is, ap- i ‘ 2
parentlys intimately connec‘oc d. with contemporary vertical movements ,
and omglmws in the backing up oﬁ: xlvers and pond formation a8

well as in conseqwanca of glaﬁial actiom ‘

-23 -
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Figure 1l« Longitudinal Profiles of Rivers in the Caucasus
I. Mzymta (Black Sea Region); II. Gyurgen-Chay

(Azurbaydzhan) 3 III. Ullu~Kam (Kuban® basin)e

e

N {

—— - -~

Tigure 12. Longitudinal Profiles of Rivers in the Baltic Shield

T. Kem's IL. Segezhaj TII. Vyge

The 1linear 'prof.ilé (second type) is inherent in the rivers

of level régions and is prevalent among most of the small rivers of
the European and Asiatic parts of the USSR. (Figure 13). ﬁus

type of proi'ile » ‘1ike the ot.her bwo, ‘bears t.'m weces of contempor-
ary mqve‘ments,‘ which ‘are uv'imarily mandfested in its stepped struc-
turess Té us th:Ls seems to be indicated not only by the consider-
~ations above set forth, but also by the mtensified guliying sctivity
(increase ir' the energy oi‘ the’ relief) which is manifested in the

: central belt of the European part of the USSR from the carpa’chians

-2l -
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to.the Urals, 1The Central Russian Highlands, in Particular, stang
out in their pronounced erosive relief, which 1g dissected to such

an extent by a system of valleys and ravines thet, in places, the

width of watersheds does not exceed 15 - 2 kilometers, (Guzlmva;a,

19L8).

The maps showlng numerous ravines, presented by 4. 7, i
G@Eﬁevaya (opecit.), are conflrmed by 8, S, Sobolev's map of 1938 | |
showing the depths of the loeal erosion levels, which furnishes
reason foy considering the intensification of the enhrgy of relier
formation as the basic factor that determines the development of

ravines,

Sobolev (1938) considers that "the contemporary eyele of deep
ercsion in the river valleys is closely c¢omnected with the conteme
porary cyele of deep erosion in the ravines and gullies (erosion of
the bottoms and to Souwe extent of the smides as well), sinee the
rivers form the local erosion levels of the ravine-gully Systems,
(opecite, p. 1133), N.T. Nikolayev, in considering the geomorph-
ology of the Volgavhighlgmds > Points out the same thing. Hg cone
siders that "the conslderable development of the ravine-gully Sy B
tem 1s characteristic of this region., on the right bank of the Volga

the ravines and Bullies are very deep, ramified and highly eroded, f
In many places ravines have been formeq at the bottom of ancient :

gorges, which points to the recent nature of the movementst (np.cit.,

Under what conditions is one profile or the other developed?

|

%

|

|

According to Airyrg law, the coarseness of the alluviug ig !
;

?
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directly proportional to the square of the velocity, 1., ye= ad,
where v is the slream ve;ocity, d is the diameter of the alluirium,
and a the coefficient of proportionality.

On the other hand by the Chezy-Manning Q{:ormula,; v = cVHL, .
or V¢ = c? HI, where v is the ;‘breamove’locity, H the mean depth :
of the stream, I ig the slupe of the surface of ‘the river for t.m

given course, and ¢ ig the cceii‘icient g,iven by Manning and er(ual

o

: to H1/6 yhere n is the roughness factore - . ,

°

On equating the right-hand Jides of the first two equationa,

>

and substituting Menning's value for c, we obtain o

- . d
i . PO A —— -
A T e ) H 14 /{‘ H T 15

Thus we see that the ulcpe of thxa rivér surface increa.aes i

as the thickness of the alluvium increases.":»_

‘ This is precisely the situa'tio'rv tmt ,j 8 obserwd in nature,

. In mvmntam wus reglons, where r*oarse de‘om enmrs the -upstrean i

'reaches of the rivers, it is not ux‘dnsported i‘urt}mr until such
't,:z.me as the current acrguires the necessary veloc:.ty, and cone-

‘sequ@ntly t,he corresponding slope. “ownstream ~jalong.fthe‘:riVer, ‘a8

the detritus becomes more and more abraded: and worn dmm, r,he

coarseness of the alluvial dmpogits dimi; an accordﬂ.

slope of t,he atream also diminishes. _ln the ‘ower ot se,’where the

iver bo- btom is composed of flre alluviwn,‘-the slope of tle stream

PP

dlminishes even more and falls ‘co a negligible value, while the

depth of the stream increases.<

-2 - :
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With flatlend rivers the Bi‘r.u.?tion is different. 'Here?l
throughout the entire course b‘f‘ the river, the bed is composed of
materisl varying little in ite coai'aeness, espeelally where the
tributaries carry supplementary loads of coarse materlél into the

mein stream. For this reason vivers that flow through plains have

almost L inear longitudinal profiles.

Thus when we cxamine the longltudinal profiles of rivers
in different geographical regﬂ.ons; we see that all of them bear,
’ in greater or lesser degree, the traces of recent, contemporary

movements of the earth's cruste

If this is the case, then on ceordinating the bendings in
the longitudi:al profiles ofi,he rivers with the geomorphologleal,
geological and hydrologleal mgns of very recent tectonie pro=
cesses, we are in a position t;g)y,“,cb':f{aw a2 more. bonplete chart of the
contemporary vertical movemeh%'. wuch chai:i'_,g ‘s_'-}}ould undoubtedly
be of great practical value, for b‘ey c'ain".be o‘fé_reat help to the
hydrologlst in studying the work of ;r,he, rivers in“. forming their

hedse -

It is of course impossible toadmit that ~‘r}he readjustment of
the channel in depth and the lateral re:a:djlivstxé‘ie‘znt of the channel
proceed independently of each other. There is ‘noﬁ doubt that the
work of the river in ome direction is intﬂ.m&ﬁely connected with the ¢
in the other direction; and it sca'ém§ to us that both these processes
arve component elements of the gexxeral process of developing the

longitudinal profile of the ri:ve%r‘ When we study the formation of

Declassified in Part - Sanitized Copy Approved for Release 2012/05/15 : CIA-RDP82-00039R000200020011-6
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the river channel in connection with changes in the lower eroslon
level, we are Jed to this conclusion., To prove the thésia ‘we. have
advanced, we turn once more to the hura, ﬁrhose estuary por’oidn is
being formed before our very eyes as the level of the Caspian Ses

recedss.

As may be seen from conteNpOrary maps, the main chamel of
the Kura in its delta section has almost a linear course, which
48§ maintained in the presence of a stable erosion level. The banks
of the river here are subject to no sppreciable erosion whatever,
in spite of the high velocities of the current, especially on the
passage of a flood wave, when aiu abaterent curve of the water sur-
face originates at the mouth of the river, producing considerably
greater stream slopes than on the upstream sectors. The high velo=
citles of the stream result in erosion of the chammel bobtom, with
rasulting depths of 10 = 12 meters, but there is ﬁo lateral erosion
of the channel, and consequently the stream has no tendency to meanw

der in this sector.

On the following of the channel of the river upsiream, we

become convinced that the meandering of the river is gradually in-

creasing. Slight bends in the channel appear at first, but as the

distance from the mouth increases, the bending also increases, and
then become distinet meanders, the curvature of which increases as

we pass upsireai.

The increase in the meander coefficient from the mouth to the
upper reaches keeps pace with the increasing slope of the stream in

the same direction (see table below).

pes 28—
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In investigating the causes for the meandering of the river,
we were limlited to the sector of the Kura lying within the linits
of the Kura=-Arake lowlands, i‘or here the river has a relatively
youthful channel, formed under similar circumstances from the
bepinning of the post-Khvalinsk times down to the present, ace
companied by gradual recession of the erosion level (with, it is
true, some breaks in that recession), and ‘the channel is conse-
quently of uniform genesis. Therefore when we go more into
detall as to how the channel changes in any sector sepment of
this course, we shall obviously have sufficient basis for gener-
alizing our conclusions for all the sectorsv of the river, taking
into consideration at the same time that the processes taking place
on the gives segment presumably continue their development in the

same direction on the segments located further upstream as well

CHANGES IN THE SINUOSITY [MEANDERING] OF THE KURA RIVER AS RELATED

0 THE SLOPE OF THE RIVER

Number of river sector

counting upstream from Heander Slope of the
the mouth Cosffiaient _water surfa;:e
1 1.03 0.0000095
2 1.09 ¢.00002L
3 1.50 04000035
L 1.68 0.0000L7
5 1.52 0.000047
6 1.7 0.000036
7 .1.90 0.00Q ‘
8 232 " 0.000083
9 2.06 0.000111
!
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Let us examine, as an example, the relatively youthful sector

of the Kura (in the reglon of the southsast bank), concerning the

evolution of which we possess suificiently rellable information.

i i SR

Some 70 - 80 years agos this ssctor belonged to the delta

AT

course of the river and was divided into a nunber of tributaries. i

With the recession of the

RESRIN =

shore 1line of the sea, & main channel

of the river was formed, and the tributaries gradually ceased

4o exist. The channel being formed in a aoutheasterly directibn

assumed a linear form and remeined so for over 50 years, without

undergoing appreclable erosicn, as is shown by various shore in-

stallations that still remain.

The marked receasion of the level of the Casplan Sea in the

30's drastically changed the existing situation. As the delta of

the river moved forward into the sea, the length of the river in-

creased, but its fall over this sector increased immeasurably more,

as a result of which the

slope of the stream surface also increased.

This caused a deepening ’of the channel, and at the same time the !

river began to erode 118 banks as well. During & relatively

short periocd, on the sector of the Kura experimental fish hatchery,

the river carved out sbout 100 meters of the shore belt.

The fish hatcher was built in 1935, near the Kura,' for there

were no doubts as vo the stability of its banks. But shortly after

the construction of this station, ervosion of the banks commenced,

threatening a nunber of the station installations with col lapsee.

As time pesued, the latersl erosion grew more intense, and many

installations, even including some located at considerable distences

from the bank, were destroyed.

- 30 -
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We see from this example hew a stable and lineaj:' channel,
that had not undsrgone apprecisble lateral erosion even at high
stream velocity, conmenced, with a fall in the ercsion level and an
inerease in the stream slope, to develop meanders. And as we
follow the cham;xel upstrean, v}e see that the further increase in
the atream slope, intensifying this process, leads ultimately to f.he

formation of pronounced meanders.

When we study the dynamics of the Kura River chamel within
the limits of the Kura=-Araks lowlands, we must take into consie
deration the fact that the channel-forming processes proceed
here under the influence of two opposing fectors. On the one hand
the influence of the falling erosion level manifests itself,
resulting in the disappearance of the'delt.a, in regressive

erosion, in increase of the stream slope and iﬁ development of
meanders; while on the other hand, as has been noted above, a
general subsidence of the plain takes place, which attenuaties the
slope of the stream, and causes alluvial accumulation, and de-
velopment of the delta at the river mouth. These two directly
opposed influences interact, and the direction to be taken by the
channel i'ométion depends on which side wins . . The influence of the
fall in the level of the Caspian is more strongly'r expressed in

the lower course, at the points where strong erosion in depth
oecurs. From the place where alluvial accumulatlon comrences, the
endogenous forces which are responsible for the general subsidence

o?% the plain are obviously taking the upper hand.

With & rise in the level of the sea, or even if that level

- 31 -
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‘ holds unchanged, desp erosion ceaaeé; alluvium is deposited in the
eatuary reglon of the river, and the more intensely, the higher the

R i i

rate of epeirogenic subsidence of the plain. With this, favorable
conditions for the development exfmswesdbmelesment of the delta are

RE

created anew.

We have an opportunity of following the action of the

rising erosion levi.l on the streambed processes in the middle .
and the lower course of the Kuban'River, where the general subsidence

of the valley is producing alluvial accumulation and a tendency of

the river to rectify its channel so as to increase the slope of te

stream.

1* hs. been established by repeated surveys in 1911 ~ 1912

and again in 1928 - 1929, that the Kuban' River was shortened by 10

kilometers on the sector from Ust'! -Labinskaya statlon to Krasnodar,

by 5.1 kilometers from the Afips River to Varenlkovskaya statlon,
and by 2 kilometers frorh Varenikovskaya station to the mouth. Thus
in 17 years the Kuban' was shortened by 17.1 kilometers, or 5.1 per-
cent of its length, giving an mean annual shortening of 0.3 per-

cent,

Theseb examples convince us that deep (longitudinal) and
lateral readjustments of the channel proceed similtareously. This
conclusion of ours does not contradict the view of M. A. Velikanov
(19L6, opecit.y p. L32) to the effect that "if in the process of
developing its channel the stream does not attain fhe slope that

creates conditions of dynamic equilibrium for it, the shape of that

~ channel will be subjected to constant changes and disturbances."
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The internal forces of the earth, in disturbing the longi=
tudinal profile of a river and thereby also disturbing the conw
ditlons of dynamic equilibrium, compel the stream to readjust its
channel. The correction of the stream slape proceeds by way of
both deep and later:l (of course, where permitted by the geologleal
structure of the channel) erosive and accumulative work, The de~
velopment of meanders or the rectification of the chanrel lead to
changes in the length of the river, while changes in the slope of
the stream are followed by realignment of the cross section of the
river, inasmuch as the size of the latter, being directly pro-
portional to the discharge, is inwersely proportional to the

square root of the stream slope.

If L is the length of the river along the vallye, and 1 the

length of the river along the channel, the coefficient of meander

is defined as \{ - _}s.é.. 5 &% ,[ . YL"

Al
But the slope of the stream is equal to -I T

and. therefore) wr . 4 ‘“_

Y4

Substituting this expression in equation-(1) obtained by us

above, we have:

When we take into consideration the fact that L, the length
of the river al'ong the valley, is a constant quantity, we are en~
abled to say th;t, with the lowering of the erosion level and the
inerease of the fall over a given sector, the bed of the river will

be reorganized by way of an increase in the coarseness of the ma=-

33«
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terial Gomposing it} and together with this an increase in the ,

; meandering and a decrease in the depth must also be expectéd. On
the othexr hahd, with an uplift in the erosion level ‘and. a re=

duction in the slope of the stream, finer material will be ac-
cumulated in the bed of the river;‘and the depth should also' in-

crease, while the river will tend to rectify its channel and eli-

minate its meandering.

‘ This process should continue until dynamle equilibrium is es5~
tablished. But since the in’cernal forces of the earth are acting
all the ti;.e, while the atmam ig uninterruptedly changing its

discharge, there is a ceaseless conflict between stream and chancel.

Mo A Vel:.kanov (1947, ope eite, P 302) says that "there exists an

intemc*bion between channel and stream; the channel governs the
stream and the stream governs the channel. The degree of stabllity
of the chammel depends on which of these actions proves to be

stronger than the other,"

In our treatment, this though takes on the following tinge.
Under the influence of Ithe endogenous forces, the chaniel, as we
gee 1t; becomes an active agen‘b‘, which in disturbing the dynamic
equilibrium of the streanm, excites a reaction in the latter to
every change in the br d of the river. +hen the élopa of the
stream increases wnder the influence of the internsl forces of
the earth, the stream acts to oppose that increase. And together
with 1ts deep erosive and accunulative work it also develops meanders,
in consequence of which the length of the river increases and its
slope diminishes. On the other hand, when the slope of the river

diminishes under the action of the same internal forces, the river

= 3h -

i
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accumulates alluvium, and i“.h_ie results in raising the low-water
marks of the river and facilité‘we the rectification of the neanders
during periods of flood, after which the length of the river con-

tracts, while its slope increases.

In most cases deep erosion is more active than lateral
erosion, since the stream has greater energy in this vdirection. It
is usually sufficient, even in intermittent streams, %o carve
through solid rocke Under these conditions there 18 practicslly
no lateral erosion. It is for this reason that, in mountainous .
regions, where a river passes through fccky gorges, the develop=
ment of the longitudinal profile proceeds on the whole by way of
deep erosion, and only after entering a wide valley or plain, made
up of rocks which, at the existing stream velocities, are subject
to lateral corrasion, does the river get enough room 1o correct

its slope by meandering. !

In connection with the propositions above set forth, it
seems to us that the geomorphologieal riddle formulated by I; S
Shehukin is cleared up. In his book, he puts it as follows: (opecite,
1933, p 125)¢ "...the question is obscure as to whj, when periods
of erosion recur, each new valley is narrower than its predecessor.
It may, howevey, be thought that this is by no means & general rulee
Tn cases where the new valley proves to e as wide as its prede-~
cessor, or wider than it the bottom of the latter is destﬁoﬁed,
Jeaving no trace behind, and mot a single terrace can be forma.
On the contrary, a terrace is formed in. cases where’ t’halney:: valley

is narrower than the old one."

- 35 -
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The answers tb these questions are apparently to be sought |
in the stream=surface slopes that result when a river cuts through

in suoccessive cycles of erosion.

If the cutting through led to a stream-surface slope steeper
than that in the pmﬁaua cycle of erosion, then the river, in re-
dueing its slope by meandering, was enabled to destroy without trace
the terraces of the former levelj but if,ﬂ on the contrary, the
cutting led to a flattening of the glope, then the river, in reduc~
ing its meandering, left in existence the terraces along the sides

of the valley.

Our task has been a modest one -- to show all the importance
of taking stock of the contemporary vertical movements of the

earth's crust in working out questions concerned with river con-

ditions.

We trust that this article will prove a stimulus for the
reexamination of certain views that have teken root in hydrolegy,
and which must be recognized, in connection with recent achieve-
ments of geomorphology and geology, as failing to conform to the

current level of knowledge.

o 36 bl
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